4A3342).
Introduction
The increasing utilization of immunohistochemistry as an adjunct technique in tissue diagnosis and as a research tool has resulted in a variety of approaches to improve the sensitivity and specificity and broaden the applicability of this powerful tool. Although immunohistochemistry on frozen sections is usually regarded as the most sensitive and specific method for antigen detection, the suboptimal morphological preservation, together with convenience issues, have inspired many laboratories to develop altemative techniques.
One approach has been to screen specifically for antibodies that react with fixation-and/or processing-resistant antigenic epitopes (1,2). This has led to many useful reagents that have greatly enhanced immunohistochemical detection of antigens in routinely processed blocks. Another recent approach has been microwave antigen retrieval (3,4). These procedures have often improved staining, but generally with fixation-resistant antigens. However, despite these successes, many antibodies to important cell constituents fail to react with antigens in routinely processed blocks.
Another approach has been to modify the fixation, processing, and/or embedding protocols in an attempt to improve antigen survival (4-12). Although these techniques have improved antigen sur- antigens (CD1, CD4, CD7, CD8, CD19) usually preserved only in frozen tissue were used as a model system. Fixation in a simple solution of zinc acetate and zinc chloride in a 'Iris-Ca acetate buffet resulted in antigen preservation comparable to that in frozen sections with antibodies to these cell surface markers. Morphological preservation was comparable to formalin-fixed sections. The work presents a new method that represents the closest approach yet to a technique that combines optimal antigenic survival with the convenience and morphological preservation of traditional formalin-fued tissue embedded in paraffm. vival, none has been widely adopted. The reasons for this are varied, but a major one may be that the procedures require a significant change from common practice. One can conclude from this that any new procedure not only must result in excellent morphology and antigen survival but must be as convenient and flexible as currently employed procedures.
A number of authors (3-16) have utilized zinc compounds as additions to aldehyde fixatives to improve the survival of some antigens. These reports have led to the availability of a number of commercial fixatives with zinc salts as additives to aldehydeor alcohol-based fixatives. Preliminary experiments in my laboratory demonstrated that simple solutions containing zinc as the only fixative resulted in excellent antigen survival over a wide range of fixation times and temperatures. Although zinc compounds have been recently utilized as additives with other fixatives, they have not been used as primary fixatives. In this study a simple, flexible, roomtemperature procedure for detection of fixation-sensitive antigens using a zinc-based fixative that preserves excellent morphology and uses safe, environmentally compatible chemicals is presented.
Materials and Methods
Fresh human tonsils were obtained from surgical procedures. Sections (2-3 mm thick) were cut from the tonsils, placed in cassettes, and fixed at room temperature (RT) for 24-48 hr. A portion of the tissue was snap-frozen for comparison. The following fixatives were compared: (a) neuual buffered 1127 After fmtion the tissues were dehydrated at RT for 2 hr each in (a) 50% ethanol. (b) 70% ethanol, (c) 95% ethanol, and (d) 100% isopropanol. They were then cleared in xylene for 1 hr (two changes, 30 min each) at RT and infiltrated with paraffin (PolyFin; Triangle Biomedical Sciences, Durham, NC) at 58dO'C for three changes (10 min each). Tissues were removed promptly and embedded. Routine 4-pm sections were cut and floated out on water at 43'C. Sections were collected on coated slides (Su-perFrost/Plus; Fisher Scientific, Pittsburgh, PA). The slides were dried at RT over an air vent ovemight. The sections were deparaffinized in three changes of xylene (3 min each), followed by three changes of absolute isopropanol (30 sec each). They were rehydrated through 95% and 70% ethanol to running tapwater, then washed in Tris-buffered saline (TBS), pH 7.2-7.6, with 5 % DMSO for 10 min.
Frozen sections were cut at 4 pm, picked up on coated slides, and immediately fixed for 5 min in cold (4%) paraformaldehyde-acetone.
After a brief rinse in TBS, both frozen and paraffin-embedded tissue sections were outlined with a PAP Pen (Binding Site; San Diego, CA). Sections were then washed in TBS with 0.2% Tween 20 (Sigma; St Louis, MO) for 10 min. then rinsed in TBS. Blockage of nonspecific protein binding was done with a 10-min incubation in 0.3% bovine serum albumin (BSA) in TBS with 0.1% sodium azide.
Immunohistochemical reactions were performed using a modified avidin-biotin procedure (17). Staining procedures were identical for frozen sections and fixed scctions. All procedures were performed at RT unless otherwise specified. Control procedures included substitution of irrelevant antibodies for the primary antibodies and elimination of primary or secondary reagents.
The primary antibody (Tible I), diluted in 0.3% BSA in TBS with 0.1% sodium azide (ICN: Cleveland, OH), was incubated overnight at RT in a moist chamber. The slides were then rinsed with TBS and washed with two changes of 0.05% Twcen 20 in TBS ( 5 min each). The slides were then rinsed again in TBS and incubated in a "universal" secondary antibody, biotinylated anti-mouse IgG 1:400, anti-mouse IgM 1:200, anti-rabbit IgG 1:400 (all Vector Labs; Burlingame, CA) as a cocktail prepared in 0.3% BSA in TBS with 0.1% sodium azide, for 30 min at RT. Slides were then rinsed in 0.05 % Tween 20 in TBS, two changes, 5 min each. Endogenous peroxidase was quenched in fresh 3% HzOz in 80% methanol with 0.1 M sodium azide for 30 min at RT. The sections were then washed in 0.05% Tween 20 in TBS, two changes, 5 min each. The sections were then incubated with avidin-biotin complex (ABC) (Elite; Vector) for 30 min at RT. Sections were washed again in 0.05% Tween 20 in TBS, two changes, 5 min each and then rinsed in TBS. They were then incubated in freshly prepared 0.1% 3,3'-diaminobenzidine (DAB) solution (Sigma) made up in TBS with 0.3% HzOz and 0.1 M imidazole (Sigma) in the dark for 10 min. After incubation the sections were rinsed in running tapwater.
The sections were counter-stained with Lerner-2 hematoxylin (Lerner Lab; Pittsburgh, PA) for 1 min, then rinsed in tapwater until clear. They were blued in TBS for 1 min and rinsed again in tapwater. For photography, some experiments were repeated without nuclear counterstaining. The slides then were dehydrated in 70% and 95% ethanol, then three changes of absolute isopropanol for 2 min each. The PAP Pen lines then were removed with 10-15 dips in xylene. The slides were cleared in a xylene substitute, Pro-Par (Anatech). three changes, 2 min each, and mounted with Refrax (Anatech).
Frozen sections and fixed sections were run in parallel with the same antibody concentrations. Antibody reactions were graded semiquantitatively 0 to 4+ based on the number of cells staining and the intensity of staining, with the frozen section control taken as a 4+ reaction.
Results
In these experiments simple solutions of zinc salts prepared in a Xis-Ca acetate buffer were directly compared to 1% paraformaldehyde and 4% paraformaldehyde and 40% ethanol each in the same buffer solution, neutral buffered formalin, zinc formalin, and to a variety of new commercial fixatives for their ability to preserve a number of fixation-and processing-sensitive antigens in paraffinembedded tissue sections. A variety of cell surface and other antigens that can normally be demonstrated only in frozen sections were selected for testing, and frozen sections from the same tissue The commercial fixatives (Optimal Fix, Prefer Fix, Quanta*Fix, STF) were non-formalin fixatives recommended for antigen preservation and/or avoidance of formalin toxicity. In addition, a zinc B*5 fixative designed to be mixed with formalin was tested without the addition of formalin.
Using fixation-and processing-sensitive antibodies, the tissues fixed in the zinc-based fixative solutions demonstrated excellent antigen preservation comparable to that seen in the frozen section controls but with sharper localization, whereas the other fixatives showed little or no antigen survival. The use of these fixatives resulted in precise localization of a wide range of fixation-and processingsensitive antigens, including CD1, CD4, CD7, CD8, and CD19. Tible 2 shows a semiquantitative analysis of the results comparing the 13 fixatives plus frozen sections for five different fixationsensitive antigens. Similar results were obtained with CD2, CD3, CD5, CDllc, CD14, CD22, CD45, DRC, NGFR, and Tdt (data not shown). The morphological preservation obtained was comparable to that of well-fixed standard paraffin sections ( Figure I) , although slight cytoplasmic shrinkage was apparent in lymphoid tissues. Reactions with the antigens tested closely approximated that of frozen sections immunostained in parallel, both in numbers of cells stained and in intensity of staining (Figures 2-5 ). Localization of the reaction was excellent, and tissue morphology was well preserved. Blocks that had been stored for over 3 yr at RT exhibited no apparent loss of antigen.
A variety of zinc compounds can be used as primary fk&ves, including zinc salicylate, zinc sulfate, zinc nitrate (data not shown), zinc chloride, and zinc acetate. Zinc acetate and zinc chloride were the most easily soluble and generally gave the best results. The combination of zinc chloride and zinc acetate was slightly superior to either compound alone (Table 2) . A wide range of concentrations (0.5-4%) were usable and showed essentially identical results. Initial exposure to zinc as the primary fixative was critical for optimal antigen survival. Post-fixation in zinc after aldehyde or alcohol fixation failed to preserve antigenicity, as did fixatives that combined zinc with other fixatives.
Similar results were obtained over a wide range of fixation times. Fixation times <4 hr showed decreased antigenic survival and in-creased cell shrinkage. Prolonged fixation, up to 10 days at RT, resulted in only modest decreases in antigenic survival.
The zinc solutions are stable at RT. Solutions prepared 3 months before testing showed identical results to freshly prepared solutions.
Only slight differences in antigen survival were obtained with ethanol, methanol, acetone, or isopropanol as dehydrating agent. Dehydration times (up to 18 hr) were not critical as long as the tissue was well fixed in the zinc solution before dehydration. Increasing the time in xylene at RT beyond 1 hr (up to 4 hr) resulted in little additional antigen loss. Increased time in paraffin and increases in paraffin temperature both resulted in decreased antigen survival. Increases in temperature (30°C and 37°C) for the entire processing procedure resulted in modest (30°C) or moderate (37°C) decreases in antigen survival.
Discussion
This report describes a new, practical method of tissue fixation that can replace current frozen section procedures with stable fixed tissues and decrease current reliance on formaldehyde-and mercurybased fixatives. In addition to providing excellent morphology, a striking improvement in the survival of a variety of fixation-and processing-sensitive antigens was obtained. Fixation-resistant antigens used in routine diagnostic work were also well preserved.
A rapidly increasing volume of literature suggests the potential of using cell-specific markers to improve understanding of normal cell relationships and pathological processes. The complexity of cell types within tissues and the seemingly opposite requirements for preservation of markers and morphology are problems confronting clinicians and scientists who use these techniques. Frozen sections, which initially appear to represent the best compromise, are ultimately unsatisfactory. Morphological study of frozen sections is frequently hampered by their thickness, their poor staining properties, and the presence of ice-crystal artifacts (particularly on resectioning). A s a result of these problems, the investigator is'often restricted to low-power examination of the tissues and may be unable to resolve reactions in individual cells. Furthermore, the freezing and thawing of tissues may affect the distribution and activity of certain markers, and diffusion of unfixed markers may distort their localization. In addition, the difficulty of cutting large frozen blocks of tissue has limited the size of specimens. Perhaps the greatest deterrent to the use of frozen sections is the inconvenience of working with and storing frozen tissues. Routine paraffin-embedded sections have generally been considered to have inadequate marker survival, although new reagents continue to expand their potential.
A number of investigators (4,5) have shown that a wide variety of antigens could be detected using plastic-embedded blocks and cold processing. The resulting sections are morphologically excellent but the procedures have not become widely utilized. This probably is a result of the relatively stringent and somewhat unfamiliar fixation and processing procedures, in conjunction with the unfamiliar appearance of the tissue in 2-pm sections.
Other laboratories have investigated modifications in fixation and processing procedures combined with paraffin embedding. Microwave fixation (6), alcohol-based fixation (7,8), zinc-formalin (13-16). freeze-drying (11), acetone fixation (12,13), and cold periodate-lysine-paraformaldehyde dichromate (PLPD) fixation (14) have all been shown to improve antigen detection in paraffinembedded tissue. Alcohol-based fixatives and zinc-formalin are the easiest to adapt, requiring very little change in long-established routines. However, the improvement in antigen detection is primarily with respect to antibodies that react with fixation-and processing-resistant epitopes. Antibodies reactive only with fixationsensitive epitopes, such as the lymphocyte surface markers CD4 and CD8, are usually not reactive. Microwave techniques, particularly when combined with aldehyde fixation, have similar limitations, but in addition are somewhat cumbersome for routine use. Freezedrying and cold acetone processing are successful in detecting sensitive antigens but at the cost of relatively poor morphology. The PLPD technique appears to provide good morphology and good antigen survival but requires a long and rigorous processing schedule and freshly prepared reagents. Those procedures are so much at variance with routine processing that they seem unlikely to become widely utilized.
Of increasing concern in many laboratories are safety issues. Mercury-based fixatives, long the mainstay of hematopathologists and others, are being rapidly phased out of use. Government regulation of formalin exposure is becoming increasingly stringent. Obviously, a fixative composed of safe, non-environmentally damaging chemicals should be a high priority. The Material Safety Data Sheets for zinc chloride and zinc acetate list the health hazards as slight. Both compounds have been employed clinically as astringents and emetics (18).
The use of zinc solutions as a primary fixative appears to be a new idea, but their use as additives to fixative solutions is not recent. Examination of the 1954 edition of The Microtomists firmuhy and Gui& (19) reveals six fmtive/presemtive solutions containing zinc compounds, the oldest of which appears to be Gilson's solution (1890). Sheinin and Davenport (20) tested a large number of heavy metal salts, including some zinc compounds, as potential fixatives, but they categorized them as poor fixatives with the exception of ZnClz, which they rated a "fair" fixative.
I believe that the method described here represents the best approach yet to a technique that combines optimal antigenic survival in frozen sections with the convenience and morphological preservation of traditional paraffin sections. Importantly, this report addresses the issue of providing a safe, non-environmentally damaging fixative for widespread use.
